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ABSTRACT 
 
 
 The fast food industry in China is booming, as is competition.  Both foreign and 
domestic companies are constantly looking for new innovative ways to promote customer 
interest and improve sales.  One of the ideas proposed was the development of a robot 
capable of serving the food directly to customers, particularly the children, in order to 
create a fun and exciting atmosphere.  For this project, a robotic system has been 
designed and a prototype constructed with both mechanical and control systems. 
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1. Background 
 
In 1987, America fast food chains began to realize that there was a huge market 
for fast food in China.  Kentucky Fried Chicken was the first to act on this and places like 
Pizza Hut and McDonalds were not far behind them.  These three restaurants have had in 
the past a great history with expanding to international locations all over the world.  
However, the move to China was much more diverse than any other locations they had 
moved into before.  Menus were altered slightly to conform to the culture just enough so 
as to not be so tremendously diverse from what Chinese people were used to on a 
restaurant menu.  The competition was also greatly different from what they had 
experienced in other countries, especially in America.  At the time the only thing 
resembling fast food in China were independent carts that operated on push carts in the 
streets, much like the hot dog vendors of New York City.  With their superior experience 
in marketing, the western fast food chains were able to quickly roll over the competition 
and turn the fast food industry into a twenty five billion dollar operation in China.  Since 
then other American fast food chains such as Burger King and Subway have followed 
suit and joined the Chinese fast food market.  As a result of the increase in American 
style fast food the adoption of a more localized menu to suit the pallet of the customers is 
no longer necessary because the demand for hamburgers, French fries, fried chicken and 
other western fast food is enormous and still growing. 
Since the birth of western fast food in China, Chinese entrepreneurs have 
attempted many times to create Chinese fast food restaurant chain with traditional 
Chinese food to try to take over a corner of the market, however, they have had very little 
luck from the beginning.  They had hoped that just as fast food companies in America 
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were built upon traditional American food, so would new Chinese fast food chains in 
China.  One such chain is the Grand Mother Dumpling Restaurant who is finding 
difficulty competing with the American fast food powerhouses since companies like 
McDonalds have so much money that they are already planning a 1,300 location increase 
to coverage across the country.  The main problem is that the Chinese Fast Food Chains 
are still trying to find the flavor and taste that will appeal to Chinese people more than the 
burger and fries that they have come to love because it is so different from their normal 
menus.  Some attempts have even been made to copy McDonalds at every legal level in 
the hopes to grow just like they do.  One noodle house, Honggaoliang, even made their 
logo a golden H with a red background that looked strikingly similar to that of the golden 
arches of McDonalds.  But their tactics have not stopped there because they have also 
designed their restaurants to look and behave similarly to that of a western fast food 
chain, including the method of ordering, employee uniforms, and packaging.  However, 
neither fast food chains have had tremendous success as of this point in time.  Although, 
Honggaoliang’s owner and president holds that wherever there will be a McDonald’s 
from now on their will be a Honggaoliang next to it. 
Another problem with fast food in China is that even though the people of China 
are not as wealthy as Americans, the food at the American fast food chains remains the 
same price because of the ordeal that the food needs to go through to get to China.  Since 
the food at McDonalds has to remain at prices similar to that of a nice restaurant in China 
the chains can not compete with other chains by lowering their prices because without a 
significant drop no one would care because it is all viewed as being too expensive.  
Because of this dilemma, the fast food industry needs to be extremely proactive in 
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finding other means of attracting customers to their restaurants and they are constantly 
searching for new ways of attracting people into the restaurants.  Attempts have been 
made by several corporations; again, mimicking methods already in practice in the US, 
although because of the increased competition fast food chains are constantly on the look 
out to increase improve their marketing strategy and take over a larger part of the market. 
Due to the recent increase of competition we have been asked to look into a 
completely new method of attracting children to McDonalds.  Robotics units have been 
used in the past but not for the purposes of serving food.  McDonalds has also used 
cartoon-like characters to promote restaurants in the US.  Our strategy will be to link 
these two methods in using a robotic unit that mimics the appearance of a McDonalds’ 
character to serve food in the hopes of giving McDonalds the competitive edge in the fast 
food market in China. 
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2. Problem Description 
 
The booming fast food industry in China is highly competitive and the proprietors 
of the chains are calling for any and every type of a competitive edge that earns them a 
larger portion of the market. The easiest manner in which they can increase their 
customer base is through advertisement and other attractions at their establishment.  And 
just as in America the target base for most fast food advertisement is children.  Currently 
most fast food chains have reached an end pass for the décor of the restaurant, so they 
have to turn to the next level and begin to alter the functionality of the restaurant.  Which 
is why in this project our goal is to improve the delivery system through a robotic unit 
that’s primary design parameter is to be attractive to children. 
In order for this plan of replacing human workers in a society where human labor 
is extremely cheap the unit needs to be cost effective.  Therefore, the unit needs to be 
capable of being implemented without major reconstruction within the restaurant.  After 
evaluation of the restaurant we determined that there was much more room than in 
American fast food chains and that finding the necessary space would not be difficult. 
The specific features and functions of the unit will be similar to a human laborer 
so that the efficiency of the unit versus the human worker will not suffer.  Also, since the 
main design parameter is to be aesthetically pleasing to children is makes sense that it 
appears futuristic, perhaps even to appear human.  Also, since McDonalds already has a 
series of characters that they presently use in their advertisement towards children it 
might prove beneficial to design a series of covers the functional aspect of the unit so that 
it can appear to be a number of different characters. 
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Due to the high volume traffic already as well as the desired increase that the 
company would like to see, the unit must possess a high level of efficiency when dealing 
with the speed in which it fills orders as well as the accuracy of filling the correct orders 
which is a common problems in fast food chains now although that is mostly due to 
human error. 
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3.  Development Procedure 
 
The following section is a general description of the procedure taken in the 
completion of this project.  A more thorough description is included in the Results 
section immediately following this one.  This section gives a description of the process 
without including any specific decisions, or any explanation of the choices that were 
made, but it will provide a framework for the reader to follow the design process more 
easily.   
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Figure 3.1: Flow Chart 
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3.1 Conceptual Design 
 
 In order to solve this problem, the first step was to develop a problem definition 
with task specifications and design constraints.  Once the project was clearly defined, the 
next step was to develop several design ideas and devise a method for determining the 
best design based on the criteria listed in the problem statement and task specifications.  
This step required the definition of the robot’s workspace in order to brainstorm 
appropriate ideas and devise appropriate solutions.  This phase of the design process 
utilized decision matrices as well as cost-benefit analyses in order to rank possible design 
ideas.  Initially the ideas focused on developing the simplest robot possible that would 
still be capable of carrying out the task, in order to minimize the cost and maximize the 
efficiency of the robot, and they ranged to complex multi-arm systems capable of filling 
several orders at once.  With the help of the advisors, a basic design was decided upon 
and the initial design was begun. 
 
3.2 Initial Design 
 
 After the completion of the conceptual design phase of the project, Chinese 
students who would assist in the completion of the project joined the groups.  In order to 
complete the project within the given time frame, the tasks were divided up amongst all 
the students.  One of the most important tasks at this point was to develop a basic CAD 
model that would allow the group to better visual the design concept and solve the 
problems associated with the design.  The choice of material for the robot was made at 
this time as well, so that the model could be designed with proper tolerances.  The choice 
of material also helped define the dimensions of the model, since it was necessary to 
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determine the stresses on the components and at the bearings of the robot.  The material 
needed to be both lightweight, but strong enough to support the masses of the motors and 
gears that would need to be mounted.  It also needed to be easily available, as well as 
inexpensive for it to be a practical and cost-effective choice. 
 Part availability also played a role in dimensioning the robot, since only specific 
bearing and motor sizes were available.  Therefore, the robot had to be designed so that 
available bearings would fit within the framework and available motors would be capable 
of driving the mass of the robot while still meeting the required parameters of the project.  
Force and torque calculations provided the basis for the motor selection.  Much of this 
process, including the solid modeling and mass calculations, was completed using 
Solidworks software.  Basic stress and safety factor calculations were completed by hand 
and provided a rough guide for the dimensions of the robot.   
 Since time was an issue, the motors were ordered from the US at this point in the 
project to ensure delivery within the available time frame.  This process of developing a 
basic model took several iterations before reaching a point where more detailed design 
considerations could be taken into consideration. 
3.3 Detailed Design 
 
Once the material for the robot was chosen and the motors settled upon, the 
bearings and gears were added to the model in order to determine the best orientation and 
to ensure that they would fit within the frame of the robot.  This was not a simple task 
and it was not until near the end of the project that the final dimensions were settled upon 
and the final bearings were chosen.  Once the type of bearings and gears were chosen and 
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inserted into the model, further stress calculations were carried out and it took several 
attempts to find a combination of gears and bearings that would be capable of supporting 
the mass of the robot.  This was complicated further by a misunderstanding with the 
Chinese students over the selection of materials.   
 As the detailed design progressed, drawings of all the parts were created and 
updated throughout the process, and these were made available to the workers in the 
machine shop so that they could make arrangements to manufacture them upon 
completion of the final design model.  The shop also gave input on the component 
designs based on the manner in which the parts would be manufactured, so this prompted 
some changes in the design as well.   
3.4 Manufacturing, Assembly and Testing 
 
 As the components for the robot were finalized, the machine shop began 
manufacturing and assembling the parts under the supervision of the Chinese students.  In 
order to expedite the process, the group was involved in preparing the materials for 
manufacture and assembling the finished pieces, along with the bearings and motors.  As 
the components were completed they were added to the final assembly and altered if parts 
had been produced outside tolerance limits. 
 Once a significant portion of the robot had been built, testing was carried out to 
determine if the robot would actually move and to finalize the programming.  This 
control aspect of the project posed problems to the very end of the project; however, 
basic testing was carried out with the programming that had been completed properly. 
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4. Robotic System Analysis and Design 
 This section provides specific detail concerning the design of each aspect of the 
robot.  Included in this section are calculations that justify the choices that were made 
during the design process and led to the final robot prototype that was manufactured. 
4.1 Conceptual Design 
 
The first issue we began to address in this process was the work area.  What we 
needed to find out was that if this robot was bought by McDonalds, it would have to be 
able to be implemented into the current restaurants without needing to have major 
remodeling done.  We found them to be much larger, therefore providing us with ample 
room for an area for the robot. 
1m
1m
1m
counter
food
Arm
 
Figure 4.1: Work Area 
 
The above figure is what we determined would be necessary for the functionality 
aspect of the unit.  Since it is intended to attract and amuse small children it did not need 
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to be oversized and it could easily be constructed in front of the counter area.   Our 
design would have 3 serving stations to increase the functionality of the unit.  It would 
also have a number of pick points that would sit in two columns allowing us as many 
pick points as needed, although the allowable number of them would not have to be 
determined by the horizontal distance it can travel. 
The first mobility issue we began to address was that we then needed to determine 
how it would reach the pick points we the food would be.  We initially decided on a small 
track along the base of the unit that would be powered and allow it to move enough in 
order to reach the serving stations and pick points.  We also determined that since we 
were working with 2 columns of pick points, we needed to not be limited in the vertical 
direction.  We designed a ball screw along a vertical shaft that would hold a horizontal 
arm that would have the ability to rotate 360 degrees. The horizontal arm would be 
powered by a linear actuator that would much it in and out as needed to reach the pick 
points. 
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Figure 4.2: Initial CAD Model 
 
In order to satisfy the design requirement of being attractive to children, we began 
to design on a path more directed along the design requirement of being attractive to 
children.  We began to focus first on the picking application and then move back towards 
the base unit. 
The largest problem we believed we faced when we first started was the gripper.  
We examined the packages served at McDonalds, and we then determined that it would 
be almost impossible to design a gripper that would be capable of picking and placing 
each one independent of its size, shape, weight and packaging without utilizing a fully 
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functional hand.  We determined that we would need a gripper that pinched the object 
with enough force along the X axis to not allow it movement along the x direction but as 
well as y direction.  The main difficulty is that we did not think certain food items would 
sustain the required force without losing its preferred form.  Also, since every hamburger 
is not the same size, weight, or shape it be very difficult to program the robot with the 
capability to determine each of these three characteristics on its own, so we decided to 
implement a three-prong claw.  The third prong in this case would provide the normal 
force to counter the force of gravity on the food item, which would in turn decrease the 
importance of the other two prongs.  Unfortunately, we did not think of how we would 
place the object on a flat surface with the third prong still underneath.  We attempted to 
design it in a manner that it could be retractable, powered by a linear actuator, but after 
testing the idea on a soda cup we determined it to not be predictable enough.  Since our 
main concern was based on circular objects we then designed a two-prong gripper with 
one of the grippers fixed and also curved so that a cup or burger would fit naturally into 
it, which can be seen in Figure 4.3, while the other gripper was powered by a small motor 
and acted like an opposable thumb to hold the object into place.  Instead of using the 
third-prong, we would rely on the slope of the cup to keep it from falling.   
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Figure 4.3: Initial Claw Design 
 
During the design of the gripper, we determined that the most difficult aspect of 
the project could have a rather simple solution.  Since we were changing the manner in 
which everything was served, we would simply also change the packaging.  We reverted 
the packaging to the older packaging that McDonalds used when items used to be served 
in a cardboard box container.  With this, everything would be uniform for the gripper 
except the weight which would easily be compensated for by adding more force in 
compression.  But, by doing this we reduced the variety of different types of packages 
from at least 12 to only 3; sandwich, fries, and soda.   
With this change, we again changed the design of the hand.  The curved hand, 
which acted like fingers, did not fit well with the square box that would contain the 
hamburger or sandwich.  So we redesigned it so that it would better hold the box, since 
we had completely removed the concept of the third prong from the design and we 
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needed a more distributed force to act on the box.  The final design was similar to the last 
one, but we reduced the curvature on the fixed finger and added more to the opposable 
one.  We also re-designed it so that both the grippers were the same size.  The final 
design of the claw with the wrist motor attachment can be found in Figure 4.4. 
 
 
Figure 4.4: Initial Claw Design 
 
After a further look into the claw we determined that we did not need to utilize a 
preliminary design which included three arms and that 2 would be enough since the goal 
of the project was to make the unit appear more human.  We further reduced the number 
 21 
of hands down to 1 after attempting to simplify the programming.  Now we were left with 
attempting to calculate the motion necessary to pick the objects and place them.  We 
began our calculations based on a unit which possessed three hinges very similar to the 
human arm.  One was located at the shoulder, one at the elbow, and the last at wrist, 
although unlike a human arm this design allowed for 180 degrees of motion which can be 
seen in Figure 4.1.4. 
 
Figure 4.5: Arm Design 
 
However, with this design we needed to implement a self locking mechanism so that the 
added weight of the object would not overpower the unit.  Since we had not decided upon 
the type of gears to use, it was logical to use worm gears which could offer a self locking 
attribute to the unit without the need of a braking system.   
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We then began to solve how the unit would move.  We did not want it to have a 
great deal of movement, but it needed to have enough to serve its purpose and also be 
attractive.  We determined that a simple rotational movement along a track would serve 
the purpose of both usage and attraction.  The track that robot would operate on can be 
seen in Figure 4.6. 
 
Figure 4.6: Track Design 
4.2 Kinematic Analysis 
 
Using Matlab, a kinematic analysis of the robot was carried out to define the 
actual steps needed for the robot to carry out the task of grasping the food product and 
releasing it in a designated area.  The kinematic analysis of this motion was carried out 
using MatLab to calculate angles and positions at 115 different points in the picking 
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process.  The base of the robot has motion along the horizontal axis using a DC motor 
and a ball screw.  This setup allows the robot to pick from four different points on the 
counter.  Figures 4.7, 4.8 and 4.9 illustrate this process. 
 
 
 
 
 
 
 
 
 
Figure 4.7: Pick Point 2 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.8: Pick Point 2 
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Figure 4.9: MatLab Data 
 
4.3 Mechanical System Design 
 
4.3.1 Arm Design 
 
The upper arm was designed to be strong enough to support the loads resulting 
from the other arm component, the worm gears, the motors, and the claw assembly.  At 
the same time, it was necessary to minimize the material area to reduce the total mass to 
lower the necessary torque for the motor controlling the arm.  The shapes of the 
components were based mainly on minimizing stress concentrations while at the same 
time minimizing material volume to keep the mass low so that the motors would be 
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functional.  The arm was held in place using readily available aluminum pins.  There was 
initially a problem with the size of the holes that were to support the bearings.  The arm 
had to be modified several times due to the changes in the size of the holes, the stresses at 
the smallest areas of the holes, and the changes in mass these all caused.  This arm 
component also supports the motor that controls the lower arm.   
The lower arm was designed similar to the upper arm.  The major difference is in 
the basic dimensions.  This arm supports the DC motor controlling the movement of the 
claw.  A similar bearing problem was encountered with this component, but was resolved 
much more easily.  The arm motion was regulated by three worm gears that had been 
purchased from the market and converted to use specifically for locking in arm positions 
and precision motion. 
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Figure 4.10: Initial Arm Design 
 
4.3.2 Track Design 
 
The base assembly was the final portion of the robot to be assembled.  For the 
prototype, the base consisted of a bottom portion, to be fixed to a solid structure for 
testing, with a portion standing vertically to which the arm is mounted.  This vertical 
component was braced by supports connecting to the bottom component to reduce the 
stress on the screws at the bottom.  Bearing mounts are attached to both sides of this 
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component, and will serve to support the arm.  The motor controlling the upper arm is 
also supported on this component.  These shapes were chosen so that the prototype would 
be extremely versatile, in case changes needed to be made at the last minute.  The base 
unit was designed so that additions could be made with ease.  In the final design, this 
base was mounted on a ball screw that would provide the back and forth motion that 
allows the robot to serve different areas of the counter.  In order to ensure straight line 
travel, tracks were planned into which the wheels for the robot would fit and therefore 
take some of the stress of maintaining straight line motion off of the ball screw.   
 
Figure 4.11: Initial Track Design 
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4.3.3 Claw Design 
 
The claw was designed to attach to a specially mounted base bracket that allows 
the motor to be properly mounted and attached to the gears in order to produce the 
opening and closing motion.  The material needed to be durable, however, it was also 
oddly shaped and therefore difficult to manufacture, therefore, it was decided to construct 
the actual claw grippers from wood.  The smallest servo motor was used for the opening 
and closing of the claws.  Spur gears were the gears of choice for this motion.  One of the 
claws was pinned in place, so only one gripper provided all the gripping action for the 
claw.   
 
Figure 4.12: Initial Claw Design 
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4.3.4 Gear Specifications 
 
 
Figure 4.13: Elbow Joint Gear 
 
The gears chosen for the robot were chosen to meet several different design 
requirements.  The gears had to be capable of holding a load after power had been cut, as 
well as providing accurate positioning without slip.  Therefore, worm gears were used for 
the movement of the arm components, while simple gears were used for the claw.  The 
bearings were chosen based on basic stress analyses that determined minimum 
dimensions without failure.  The final choices for bearing sizes were based on availability 
of bearings at the university.  A basic stress analysis can be seen below. 
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Table 4.3.1: Stress analysis for the worm gears 
 
These numbers show that the maximum stress in the worm gears that were chosen 
would be 51 MPa, and the maximum velocity experienced would be 0.0059 m/s.  The 
worm gears were composed of a steel frame and a zinc, copper, tin composite drive shaft, 
so the calculated values were considered acceptable. 
 
 
4.4 Control System 
 
With the arm angles defined at 115 points, the control aspect of the project was 
begun to program the motors to simultaneously reach these angles in order to create a 
smooth linear motion in order to grip the food item being taken.  A flow chart showing 
the control process can be seen in Figure 4.14. 
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Figure 4.14: Control System Flow Chart 
 
In order to reach the proper angles, the following power inputs were calculated for 
the motors.  The results are given in Table 4.4.1. 
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Table 4.4.1: Power inputs for motor controls 
 
The motors chosen for the control system were stepper motors for the arm 
components, and a simple DC motor for the claw.  For the prototype, motors were 
ordered based on the mass of each arm component and the required torque to move the 
each respective component.  The specifications for the motors were all in Chinese and are 
therefore not included in this report.  The step motors were controlled using an AT89s52 
single chip for the arms and a LMD18200 chip to amplify the power for control of the 
claw.  Specific information concerning the motors and the control system can be found in 
Figures 4.15 to 4.18 below. 
 
Figure 4.15: Interface Chart for Pulse 
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Figure 4.16: Voltage for Each Phase 
 
 
Principle Voltage     Output Voltage 
Figure 4.17: Principle of PWM System 
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Figure 4.18: Driving Chip LMD 18200 
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5. Results and Cost Analysis 
 
The final robot design can be seen below in Figure 5.1.  The material chosen for 
the arm of the robot was a high strength plastic available from the university.  The 
prototype, however, was constructed from aluminum due to the cost of the materials and 
other factors related to material properties.  The claw was manufactured out of wood due 
to the detailing required for the design.  The plastic was chosen for its combination of 
lightweight and high strength.  The claw was constructed of wood due to its unique shape 
and a lack of proper resources to construct it from aluminum.  The models below include 
all the bearings and motors required for the robot.  The prototype was also constructed 
using dimensions scaled by a factor of ½ the original dimensions.  A factor of ½ was used 
in order to keep the budget low, as well as to allow enough time for construction of the 
prototype.  Due to time constraints and lack of component availability, a simpler 
prototype was designed and manufactured to the specifications seen in Figure 5.2. 
The height of the prototype was designed to be just over 300 mm, a height that 
was chosen so that the robot would be capable of reaching the top of a standard counter.  
The longest portion of the arm was also 300 mm.  The shorter portion of the arm was 200 
mm, and the claw would be capable of picking an item 50 mm away from the short 
portion of the arm.  With this combination of arm lengths, the robot would be capable of 
picking an item from four different locations at a distance of 400 mm from the center axis 
of the robot and placing it in a predetermined area for customer pickup.  These values for 
length were made after observation of a standard counter size at two nearby fast-food 
restaurants, one of them McDonalds and the other KFC.   
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Figure 5.1: Final Design Model 
 
 
Figure 5.2: Robot Prototype 
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 The amount of money spent on the project can be seen in Table 5.1 below.  The 
most costly items were the motors, which had to be specially ordered.  Otherwise, the 
other components were available in the machine shop of the university or could be found 
in the industrial area of the city, which was accessible by bus.  Not included in this 
inventory are the raw material costs and the human resources cost, since workers in the 
machine shops at the university made all the parts.   
The total amount spent on this project came to approximately $500 US.  This is an 
extremely low cost when compared to the amount of money that would have been spent 
on this project in the US.  Costs were kept down by taking advantages of the school’s 
resources, such as available materials and a machine shop staffed by school employees.  
This budget was well within the projected budget created at the start of the project.   
 The worth of this project can be determined in large part by the cost of 
production.  For example, a similar robot in the US could cost up to $50,000 to purchase 
or produce, which is a prohibitive cost when considering the fact that this was a school 
project.  Due to the relative inexpensiveness of the robot that was built, its applications 
could make it cost effective in China, whereas it never could be in the US.  That was an 
important reason for carrying out the bulk of the project in China. 
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Name Number Unit Price Price 
Step motor 3 600 1800 
DC motor 3 100 300 
Worm and Worm 
gear 
3 300 900 
Big Gear 1 300 300 
Small gear 5 30 150 
Thrust Bearing 1 200 200 
Wheel 4 20 80 
Bearing 16 4 64 
Box gear 1 30 30 
Single chip 2 200 400 
Total     4244 
 
Table 5.1: Budget for project. All values are in Chinese Yuan. 
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6. Conclusions and Discussions 
 
The project concluded with the arm structure fully manufactured and assembled, 
but not attached to the base.  This did not stop the initial testing, however, which showed 
that the motors were too small to produce enough torque to move the heavy aluminum 
arms.  This was due to a miscalculation by the Chinese students because of the material 
changes we were forced to make near the middle of the project.  The programming was 
also not fully completed; however, this was mainly due to a lack of knowledge by all 
parties involved concerning programming the motors.  All the instructions were in 
Chinese, so there was little support we could give.  
 The arm was able to move as programmed, but the arm itself was so heavy, there 
was an unacceptable amount of slip between gears, which made reaching the required 
points accurately impossible.  The base was constructed and finished just after departure 
from China, and apparently it fit the robot well with no interference.  The end result was 
that new motors needed to be found and fitted to the frame in order to complete the 
project.  This also resulted in a change in the programming logic. 
 The final product of the project was a robotic arm that was capable of motion, 
although it was not the refined and smooth motion required for the task.  All the 
components fit together without interference, and all the motors were properly attached 
and were capable of motion in the directions that they were intended.  The base of the 
prototype robot was not able to move the way that the full-size robot design called for, 
however, it was sufficient to allow basic testing of the arm. 
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The true purpose of this project was not the design of a fast food service robot, 
although that was an integral part.  The real benefit from this project came from working 
under conditions in a foreign, underdeveloped country with workers who did not speak 
the same language.  Globalization is fast becoming the world norm, and US companies 
are expanding overseas to keep up.  Outsourcing due to lowered costs is leading 
companies to set up plants and offer services in nations around the world, and the largest 
and fastest growing markets are located in third world countries.  Although China has 
more resources and technology than most third world nations, it is still greatly 
underdeveloped, and the challenges faced there are similar to those found when 
conducting business in other nations.   
The language barrier was the first and most obvious challenge.  From the 
beginning of the project it became clear that some of the Chinese students were more 
gifted than others in speaking the English language, however, even the best student was 
not always clear, or even able to properly explain what they meant or understand what we 
said.  The worst English speakers were forced to explain to their Chinese colleagues, who 
would then do their best as translators.  This was a frustrating and time consuming 
manner to complete a project, and many times an issue would go unresolved because 
neither side could properly explain it to the other.  
The next issue was culture.  The culture and social structure of China differs 
greatly from that of western culture, to say the least.  For example, Chinese students 
would work what we considered a unique schedule that included a 2-3 hour nap in the 
middle of the day, around noon.  This was a big change from the standard 9-5 workday 
that we had become accustomed to living in the US.  However, the Chinese students 
 41 
would also work all weekend long as well.  The students would also work later than 5 to 
make up for the midafternoon nap.  It took some time to adjust to the new schedule, since 
we came in ready to work all day and go home all night.  It took a while to adjust to 
sleeping in the middle of the day and staying in the lab later. 
Another issue was the simple lack of available technology that we take for 
granted at an American university.  For example, in order to construct solid CAD models, 
we had to buy pirated versions of the US program Solidworks, because the Chinese 
university could not afford licensed copies.  Internet access was spotty at best, and we 
found that some websites were often censored or unavailable due to government 
restrictions.  The machine shop where our parts were made was composed of machines 
that would have been state of the art 50-60 years ago.  In designing our parts, it was 
necessary to take into account that each part would be handmade and machining them 
would take far longer and be far less accurate than at home.   
There was also a lack of available parts and motors.  It was necessary to order all 
the motors from overseas, which meant that we had to wait for delivery, which cut short 
our ability to program and test the motors.  Also, the material that had originally been 
chosen to construct the prototype from was supposed to have been available at the 
machine shop, but it was discovered that it was not near the end of the project, which is 
why the motors were unable to produce sufficient torque to move the robot.  This type of 
issue could have been resolved in the US by contacting a new supplier, however in China 
it was a fatal mistake for the project. 
The final thing that stuck out in our minds was the approach the Chinese students 
and professors took to the project.  When we arrived we wanted to be presented with a 
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design problem that we could develop a creative solution to and construct a model for.  
The Chinese professors, however, immediately began to dictate and make changes until 
the design concept resembled what they had already decided it should look like.  In the 
end, our ideas and opinions were dropped, and we designed the robot that they told us to 
make.  It was this lack of creativity that marked the entire project.  From the start, it was 
clear that the Chinese students had little experience in brainstorming and creative 
thinking.  Although they were at least as knowledgeable as us, if not more so, in certain 
areas of engineering, they could not come up with any new ideas for themselves.  They 
were great at carrying out and completing a concept once it had already been designed.  
The Chinese students wanted to follow the professor’s lead right off the bat, without 
exploring alternatives.  Although this can be good, it also stifles creativity and may result 
in an inferior design if you do not thoroughly explore solutions to the problem.   
The Chinese students were much more focused on numbers and calculations 
rather than actually designing and developing new ideas.  This difference in mind sets 
actually worked well, as we had different strengths and weaknesses, but at the same time 
it was frustrating as well.  This project showed us first hand the problems faced when a 
company conducts business in a foreign company with foreign workers, and gave us a 
new respect for other cultures.  If it ever becomes necessary to take a job out of the 
country, regardless of whether it is in Asia, Europe, or anywhere else, we will be more 
prepared and better able to adjust and work with foreign co-workers because of our 
experiences in China.   
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Appendix 
 
 The following drawings are the design drawings done in Solidworks along with 
descriptions for the prototype that was developed for the project. 
 
Component Drawings 
 
  
 
Figure 1a: Upper arm component 
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Figure 2a: Lower arm component 
  
 
Figure 3a: Claw base 
 
 
 46 
 
Figure 4a: Claw components for the gripper 
 
  
Figure 5a:  Bracket for the worm gear and the worm gear 
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Figure 6a: Upper arm motor mount with stepper motor 
 
 
Figure 7a: Lower arm motor mount with stepper motor 
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Figure 8a: Wrist motor mount and stepper motor 
 
 
Figure 9a: Claw motor mount and DC motor 
 
 
 49 
 
Figure 10a: Bearing mount connecting the upper arm to the base.  
There are two in the model. 
 
 
Figure 11a: Base component to which the bearing mounts and  
motors were attached. 
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Figure 12a: Bottom base component to be attached to a solid surface 
 
